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羟基。在模拟地热水质条件下 As( )Ⅲ 和 As( )Ⅴ 均在 pH 4.6 时较 pH 9.2 易于吸附，
表明静电吸引在针铁矿吸附砷的过程中起重要作用。砷吸附可很好地拟合拟二级
动力吸附模式和 Freundlich 等温吸附模型。pH 9.2 时，温度对吸附有着一定影响，
温度越高，吸附速率越快，吸附容量越大，表明除静电吸引之外，砷在针铁矿表
面还发生了其他的物理化学反应。在温度为 363K 时 As( )Ⅲ 的 大吸附容量为




对吸附的影响不大，离子强度对 As(Ⅲ) 和 As(Ⅴ)的吸附有促进作用，模拟地热
水的二价金属离子和三价金属离子不利于 As(Ⅲ)的吸附，却有利于 As(Ⅴ)的吸
附。 
初始 pH 4.6 时，吸附过程的 pH 变化表明，随着反应进行，溶液的 pH 逐渐
升高，吸附容量越高，pH 变化量越大，表明吸附过程伴随有氢氧根离子的释放
或氢离子的消失。FTIR 结果显示，As( )Ⅲ 或 As( )Ⅴ 主要是与材料表面的 1400-1800 
cm-1 之间的活性基团发生反应，表明砷吸附在针铁矿的表面有新的化学键生成。
XRD 结果显示吸附前后材料的晶型没有发生改变。XPS 结果显示，吸附过程中


















The investigations concerned on the arsenic adsorption associated with the 
surface properties of metal oxides under geothermal water conditions were still 
seldom-reported. The synthetic goethite was selected as experimental materials to 
investigate the adsorption of arsenite and arsenate onto the surface of goethite under 
the circumstances of geothermal water temperatures and co-existing multiple ions and 
so on from macro experiments together with the microscopic spectrum, and go further 
to investigate the mechanism related to the surface properties of goethite under 
geothermal water conditions, thereby providing reference materials for the 
investigations on the migration & transformation rule of arsenic. 
 The results showed that goethite is kind of crystalline iron oxide with abundant 
hydroxy. In the geothermal water conditions, the goethite performed better under 
acidic circumstances for whatever arsenite or arsenate, this indicated eletrostatic 
attraction played an important rule on the adsorption process. The adsorption kinetics 
was well conformed to the pseudo-second-order model and Freundlich isotherm 
equation. When pH 9.2, temperature exerted influence on adsorption, the higher 
temperature,the faster adsorption rate and the higher adsorption capacity,this indicated 
there existed other physichemical reactions expect electrostatic attractions. When the 
temperature at 363K, the maximum adsorption capacity for arsenite is 23.34 mg/g 
with the equilibrium concentration of 8.33 mg/L; for arsenate, it was 33.59 mg/g with 
the equilibrium concentration of 3.21 mg/L. Results of the analysis of thermodynamic 
parameters showed that the adsorption process was spontaneous and endothermic and 
governed by a physisorption mechanism. 
The results of the single ion interfering experiment showed that the phosphate is 
the main interfering ion, while the fluorinion isn’t. With the increase of the ion 
strength, the adsorption capacity for whatever arsenite and arsenate increased 















that the divalent and trivalent metal ions were advantaged for arsenate adsorption but 
disadvantaged for arsenite. 
When the initial pH 4.6, the pH variation indicated that the pH gradually 
increased along with the reaction process, the higher adsorption capacity, the wider 
pH variations The results of FTIR showed that arsenite and arsenate reacted on the 
surface of goethite with the acitive group between 1400-1800 cm-1, this indicated 
there was new chemical bond generated along the adsorption reaction. The results of 
the XRD showed that the crystal structure was not changed, even under the pH 4.6. 
Based on the results of the XPS, we could speculate that goethite was not contributed 
to the change of arsenite to be arsenate, this indicated the arsenic was not combined 
with the ferrum atom directly, added to the mounting evidence showing that hydroxy 
exchange was the main mechanism related to the arsenic adsorption. 
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发利用的地下热水资源总量约 68.45 亿 m3，所含热能量为 9.72×1017 J，折合每年











































































资料来源：Mohan，Journal of Hazardous Materials, 142, 1-53, 2007. 
图 1.1 三价砷和五价砷的Eh-pH电位图 
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